There is concern about poor take-up of the Medicare Part D Low-Income Subsidy (LIS), but uncertainty in published estimates. The Medicare Current Beneficiary Survey (MCBS), which contains Medicare LIS enrollment records and extensive survey data on individual beneficiary characteristics, would appear an ideal resource for evaluating LIS take-up. However, use of the MCBS to identify eligible beneficiaries is limited due to underreporting of income and lack of asset information in the published MCBS releases. We evaluate LIS eligibility and participation by enhancing the reliability of MCBS financial information using unpublished survey data on income and assets together with an income imputation procedure.
The Medicare Prescription Drug Improvement and Modernization Act of 2003 established a voluntary outpatient prescription drug benefit available to all beneficiaries under Part D. Since implementation, Part D has been largely successful in expanding drug coverage in the Medicare population. By 2010, the proportion of beneficiaries with drug coverage reached 90%, and almost 10 million beneficiaries, or 40% of Part D enrollees, were receiving financial aid through the Part D Low-Income Subsidy (LIS) (Kaiser Family Foundation 2009 ). This subsidy program provides a substantial benefit to low-income individuals in that enrollees without previous drug coverage realized an approximate 95% reduction in out-of-pocket prices. However, it is widely acknowledged that many LIS eligible beneficiaries are not enrolled, which is a common problem in welfare programs (Bovbjerg 2008; Davidoff et al. 2010; Levy and Wier 2010) . Persistently low take-up of LIS is a more recent concern of policymakers, and there is little assurance of improvement due, in part, to the lack of clear or reliable evidence surrounding eligibility and enrollment in the program.
Background
The LIS reduces plan premiums and costsharing for eligible beneficiaries. Beneficiaries qualify for the LIS based on their incomes and assets (CMS 2009 ). In 2011, LIS eligibility required incomes below 150% of the federal poverty level (FPL) and assets below $12,640 for an individual (or $25,260 for a couple) (CMS 2011). 1 Certain populations are ''deemed eligible'' and automatically enrolled by the Centers for Medicare and Medicaid Services (CMS). Deemed eligible beneficiaries include those who are dually enrolled in Medicaid or a Medicare Savings Program (MSP), or are receiving Social Security Insurance (SSI) (CMS 2009 ). Other qualifying beneficiaries are required to apply for the LIS through the Social Security Administration (SSA) or state Medicaid office.
According to CMS, 27% of the Medicare population is eligible for the LIS, of which 65% are auto-enrolled in the subsidy (Summer, Hoadley, Hargrave 2010) . Based on this estimate, only 35% of the remaining 4.3 million eligible beneficiaries who are not auto-enrolled have applied for and are receiving the LIS 2 (Summer, Hoadley, and Hargrave 2010) . Other studies also suggest that many beneficiaries who would benefit from this subsidy do not enroll (Bovbjerg 2008; Davidoff et al. 2010; Levy and Wier 2010) . Low participation is a common problem in means-tested entitlement benefits and has been studied extensively in other programs such as Medicaid, Medicare Savings Programs, and Supplemental Security Income (Selden, Banthin, and Cohen 1998, 1999; Rupp and Sears 2000; Moon, Friedman and Shirey 2002; Summer 2009; Summer, Hoadley, and Hargrave 2010) . At present, there is little evidence available surrounding the LIS to elucidate this issue.
Conceptual Framework
Theory suggests that individuals will enroll in an insurance program if the expected benefit, as reflected in the value of health care received and the value of reduced uncertainty, is greater than the cost of participation. There is no explicit cost to LIS participation, yet there are substantial monetary benefits in reduced Part D premiums and cost-sharing relative to enrollment in a Part D plan without the LIS or a situation with no coverage. LIS recipients are eligible to enroll in Part D plans with no premium cost, compared to an average monthly premium of $39.40 in 2012 (Kaiser Family Foundation 2011 . Relative to foregoing coverage entirely, Part D enrollees face lower costs of prescription medication, since the benefit is subsidized approximately 74%. Cost-sharing is reduced further for those receiving the LIS. In 2012, maximum copays for LIS recipients have been $2.65 for generics and $6.60 for brand-name products, compared to median copays for nonrecipients of $7 for generics and $23 to $95 for nonpreferred brand-name products (Hoadley et al. 2011; Q1Group 2012) . Given this scenario, there is a clear net benefit for eligible beneficiaries to participate in the LIS. Consistently low take-up of this and other publicly subsidized programs suggests that there are unobserved costs or other barriers to participation. Such obstacles may include lack of information about the program, application burden and complexity, time and search costs, cognitive ability, lack of social support, or stigma associated with welfare programs.
Eligibility and Take-up of the LIS
A better understanding of enrollment decisions can help to not only increase LIS participation, but to inform future policy regarding program design and expansions. There are two elements necessary to evaluate enrollment decisions in a subsidy program: 1) accurate estimates of the eligible and enrolled populations, and 2) individual-level data on characteristics of the eligible and enrolled populations.
To date, researchers have examined LIS participation without reliable measures of eligibility or have estimated LIS eligibility without information on program participation. Estimates of the potentially LIS-eligible range from 21% to 36% of the Medicare population (Czajka, Jacobson, and Cody 2003; Congressional Budget Office 2004; Rice and Desmond 2006; Briesacher et al. 2010; Meijer, Karol, and Michaud 2010) . To estimate eligibility, most published studies have used data sets sponsored by the Census Bureau, which lack administrative enrollment information. The most recent and comprehensive analysis to estimate LIS eligibility was conducted under contract with the SSA by Meijer and colleagues (Meijer, Karol, and Michaud 2009, 2010) . This study used data from the Health and Retirement Study and Survey of Income and Program Participation matched to SSA data consisting of information from LIS application forms, SSI and Social Security benefits, and tax information. The availability of detailed income and asset information in this study made it possible to reduce measurement error surrounding LIS eligibility. However, this analysis did not incorporate LIS enrollment data to assess enrollment rates and associated characteristics among LIS-eligible beneficiaries.
On the other hand, studies focused on LIS enrollment have used health survey data sets, which are helpful in identifying individual characteristics but suffer from underreporting of income and generally lack asset data (Goldman and Smith 2001; Davern et al. 2005) . As a result, proportions of LIS eligibility are likely to be overestimated, while enrollment may be underestimated using these data. Estimated enrollment ranges from 59% to 78% of those eligible (Kaiser Family Foundation 2006 Levy and Wier 2007; Cubanski et al. 2009; Davidoff et al. 2010) .
Another weakness of available research, often due to the lack of this information in most data sources, is the failure to account for other potential sources of drug coverage that LIS eligible beneficiaries may be enrolled in. Ignoring non-LIS drug coverage of LISeligible beneficiaries misrepresents the situation of those not participating in the subsidy. The Medicare Current Beneficiary Survey (MCBS) is a useful data set for this purpose in that it solicits information about all possible sources of supplemental insurance coverage. Using the MCBS, Cubanski and colleagues (2009) found that 22% of community-dwelling beneficiaries with incomes below 150% of FPL were enrolled in some form of non-Part D private drug coverage in 2007 (Cubanski et al. 2009 ). However, a major limitation of this analysis was the inability to accurately identify beneficiaries eligible for the LIS due to unreliable income measures and lack of asset data.
Study Goals
The goal of this study was to examine LIS take-up using the MCBS. The MCBS contains administrative enrollment records, but underreporting of income and lack of asset information inhibit the ability to determine eligibility (Goldman and Smith 2001) . To address the weaknesses in financial data, we used unpublished supplemental MCBS files that report on income and assets. We also imputed income based on data from the Annual Social and Economic Supplement to the Current Population Survey (CPS-ASEC). Finally, we examined beneficiary characteristics associated with participation in LIS among LIS-eligible beneficiaries accounting for other potential sources of drug coverage for LIS nonrecipients. Findings from this study provide a better understanding of participation in the LIS and can be used to more effectively target unreached beneficiaries.
Methods

Data
The primary data source was the [2005] [2006] [2007] Access to Care files of the MCBS. The MCBS is an annual survey of a nationally representative sample of the Medicare population. Each year approximately 4,000 beneficiaries are enrolled in the MCBS and then followed for up to three additional years. The data set contains self-reported information on the use of and access to health care services, sources of payment, health status, health insurance, functional limitations, and socioeconomic characteristics (CMS 2010). The MCBS contains administrative Part D, Medicaid, MSP, and LIS plan enrollment and claims data to supplement survey information.
We used two additional data sources to introduce asset values for all beneficiaries and adjust for potential biases resulting from income measurement error among married beneficiaries: the MCBS Income and Assets Supplement (I&A) and the Annual Social and Economic Supplement to the Current Population Survey (CPS-ASEC). 3 The MCBS I&A Supplement file is based on interviews conducted during the spring round of the survey to solicit detailed responses regarding beneficiary financial information from the prior calendar year. Thus, the 2006-2007 I&A Supplement provided financial information that covered the 2005-2006 time period. Initially, respondents are asked whether they have income or assets from a variety of sources. 4 Beneficiaries are then asked, ''Taking these income sources into account, please estimate you and your husband's/wife's income for the previous year'' (CMS 2010) . This total amount is included in the Cost and Use MCBS file of that year. Beneficiaries provide an estimate for the total value of their assets excluding their primary residence.
The CPS is a monthly survey conducted by the U.S. Census Bureau for the Bureau of Labor Statistics. The CPS samples approximately 50,000 households of the noninstitutionalized U.S. population to provide a source to characterize the national labor force (Census Bureau 2010). The ASEC supplement includes detailed questions about income, assets, financial sources and work experience in addition to labor supply information. There are more than 20 questions in the CPS-ASEC soliciting information on income sources and the dollar amounts from each source, which are totaled to obtain a complete measure of income. Like the MCBS I&A supplement, CPS-ASEC data also reflect income and asset information from the preceding year.
According to the U.S. Census Bureau, the CPS-ASEC is the preferred and most accurate source to provide cross-sectional national estimates of income and poverty (Census Bureau 2010). CPS-ASEC data also contain information on health status and demographic characteristics. This survey is subject to non-response and measurement error, but is considered more accurate than the MCBS (Census Bureau 1998). The CPS-ASEC is a useful standard in income measurement and its validity suggests potential in supplementing income data in the MCBS. We used the Medicare subsample of the 2006 CPS-ASEC to represent income reported for the year before potential LIS enrollment.
LIS eligibility requirements involve income and asset tests, so measures along both dimensions are essential to obtain a complete picture of LIS eligibility. The traditional MCBS data sets are limited in both these ways. The MCBS reports only a single estimate of total income for the respondent (and spouse if married) and contains no asset information. 5 Published comparisons to the CPS show that the MCBS Cost and Use files underestimate family income by about 20% and household income by 40% (Goldman and Smith 2001; ) . 6 To assess the reliability of selfreported income in the MCBS we compared the distribution of reported income to that of the CPS-ASEC. Benchmark comparisons by marital status and sex showed discordance between the data sets. In particular, mean reported income among married beneficiaries was almost $10,000 lower in the MCBS relative to the CPS-ASEC estimates, with a greater discrepancy observed among married female respondents.
Study Sample
The first phase of this study was to enhance financial measures in the MCBS in order to more reliably identify LIS-eligible beneficiaries for a community-based sample of the Medicare population. Given the substantial underreporting of income for married beneficiaries, we imputed income values for this group using regression analysis based on the CPS-ASEC. This approach required that study samples in both the CPS-ASEC and MCBS be similar. Therefore, the samples in both data sets consisted of Medicare beneficiaries residing in the community at baseline (CPS-ASEC: N515,672; MCBS: N513,157). We identified the Medicare cohort in the CPS-ASEC based on self-reported enrollment, age, and reasons of SSI receipt. It was necessary to exclude beneficiaries in longterm care facilities because this population is not represented in the CPS-ASEC. We constructed the MCBS sample by pooling two two-year panels from 2005 to 2006 and 2006 to 2007. 7 In the second phase, we focused our analyses on evaluating LIS eligibility and enrollment in the MCBS. We identified LISeligible cohorts using three approaches based on: 1) native MCBS income (the original income values reported in the MCBS data set), 2) imputed income, and 3) imputed income and I&A asset values. Next, to examine LIS take-up among potentially eligible beneficiaries, we restricted the study sample to potentially eligible beneficiaries based only on our enhanced financial measures. Here, we excluded beneficiaries who were dual-eligible at baseline since they did not face the decision to enroll. However, we did allow for beneficiaries to become dualeligible in the next year. We also excluded beneficiaries enrolled in non-Part D drug plans in the follow-up year because the vast majority were previously enrolled in retiree or other creditable plans from which they would be unlikely to transition into Part D. This final analytic sample consisted of 1,293 LIS eligible beneficiaries.
Key Measures
Eligibility. We determined LIS eligibility based on CMS criteria of income and asset holdings by marital status. Gross income of the individual or that of his or her spouse (if residing together) was compared to the FPL. Income eligibility was defined as income below 150% of FPL. 8 In 2006, the LIS asset eligibility threshold was defined at $11,500 if single and $23,000 if married ($11,710 and $23,410, respectively, in 2007) (Bovbjerg 2008 ). 9 For this study, eligibility was determined based on total asset amounts reported in the MCBS I&A module.
Enrollment. Enrollment in Part D, the LIS, Medicaid, and Medicare Savings Programs was identified using CMS administrative records included in the Access to Care MCBS survey for 2006 and 2007. Upon receipt of an application for LIS, the SSA verifies income and asset information by matching it with existing SSA, Internal Revenue Service, and other governmental records (CMS 2009 ). This validation assures that LIS-enrolled beneficiaries meet the eligibility criteria. The presence of drug coverage from other sources was determined based on self-reports. Other non-Part D coverage included employersponsored, privately purchased, and other public benefits.
Statistical Analysis Phase 1. LIS Eligibility Estimation
We imputed income for married beneficiaries with generalized linear regression models with a log link and gamma distribution to characterize the variance. 10 We document the imputation procedure in detail in Appendix 1.The imputed income values for married beneficiaries and native values for single beneficiaries were then used in conjunction with asset values from the I&A file to determine whether beneficiaries met the criteria to qualify for the LIS. We evaluated the native and enhanced financial measures in estimating LIS eligibility under three distinct approaches, as already noted. Approach 1 identified eligible beneficiaries based on financial information available in the published MCBS files. This approach used only native income values and lacked any asset information. Approach 2 utilized only imputed income values in place of the native values. Approach 3 used imputed income values in addition to asset totals from the I&A supplement. We calculated LIS eligibility rates following each approach. 11 The main analysis of LIS take-up uses Approach 3.
Phase 2. LIS Take-up Estimation
Next, we examined, among LIS-eligible beneficiaries, participation in LIS by auto-enrollment, LIS by voluntary enrollment, Part D without the LIS, other coverage, or none at all.
Phase 3. LIS Take-up Analysis
To further examine Part D LIS enrollment decisions, we focused the next analysis phase on beneficiaries who were determined to be eligible using our enhanced financial measures (Approach 3). As previously stated, we excluded beneficiaries who were dual-eligibles at baseline and those who enrolled in a non-Part D plan in the follow-up year because their choice set (including retiree health or other creditable coverage) was much broader than the norm for this population, and these options likely dominated Part D enrollment. Therefore, we distinguished among participation in three possible states of drug coverage available to LIS-eligible beneficiaries: 1) Part D with the LIS, 2) Part D without the LIS, or 3) no drug coverage. Bivariate analyses and multivariate multinomial logistic regression were used to examine selection into one of the three drug coverage options. A major assumption of the multinomial logistic method is independence of irrelevant alternatives (IIA). The IIA assumption states that preference for one outcome is not affected by the presence of other choices. We verified that the assumption was met and that it was therefore appropriate to exclude beneficiaries enrolled in non-Part D plans (Hardin and Hilbe 2007) .
Independent variables in the multinomial logistic model included various factors that are expected to be associated with enrollment in drug coverage based on economic theory and prior studies. These consisted of demographic factors including sex, age, marital status, race, education, income, geographic region, and urbanicity. Administrative records were used to indicate current and former SSI receipt. Sources of supplemental medical insurance and the presence of non-Part D prescription drug insurance were also included. Survey responses of perceived cost-related non-adherence, number of self-reported chronic conditions, cognitive impairment, household composition, and whether the beneficiary received help with health care decisions were also included. The lowest available stand-alone Part D plan premium in the state of residence and the presence of a federally qualified health care institution in the county of residence were also included because they capture the price of non-LIS Part D coverage and the cost of going without coverage, respectively (Kaiser Family Foundation 2010) . A year dummy was added to control for time-varying factors. All beneficiary characteristics were measured at baseline. All analyses were conducted with adjustments for the complex survey design and were performed using STATA 11 or SAS 9.2. The study protocol was approved by the University of Maryland Baltimore Institutional Review Board.
Results
Phase 1. LIS Eligibility Estimation
We compared estimates of mean income for native and imputed values in the MCBS stratified by marital status and sex to that of the CPS-ASEC. Overall, imputation reduced the relative difference in mean income among married individuals from 218% to 212%. The Appendix 2 table displays descriptive characteristics of the sample populations in both data sets. 12 Phase 2. LIS Take-up Estimation Table 1 presents the proportion of beneficiaries estimated to be LIS eligible and the proportion enrolled among those identified as ineligible (error rate). In every case, LIS eligibility rates decreased with the substitution of imputed values for native values and with incorporation of asset information. In the total sample (N513,157), the proportion of eligible beneficiaries was 31.8% using native MCBS income under Approach 1. Substituting native income for imputed values under Approach 2 resulted in a lower estimated eligibility rate of 29.8%. Approach 3, which incorporated asset data with imputed income, further reduced the eligibility rate to 25.3%. When restricting the sample to non-dual-eligible Medicaid or MSP recipients (N510,632), the proportion of beneficiaries estimated to be eligible for LIS under Approaches 1 to 3 was 20.8%, 18.5%, and 13.7%, respectively. Across all approaches, the rates of LIS eligibility were consistently higher among single beneficiaries compared to married beneficiaries. Among married beneficiaries, imputing income resulted in substantially lower eligibility rates relative to using native income values (16.4% to 10.5% among the total sample and 12.1% to 6.1% among the non-dual-eligible sample). Income imputation (Approach 2) had a minimal effect on the rate of ineligible enrollees (3.1% to 3.3% among the total sample and 1.6% to 1.8% among the non-dual-eligible sample). In general, the greatest increase in error rate appeared to be attributable to the introduction of the asset test under Approach 3. Table 2 presents LIS enrollment rates among beneficiaries estimated to be eligible Among non-dual-eligible beneficiaries, LIS participation rates using Approaches 1 to 3 were 21.5%, 24.0%, and 30.4%, respectively. Among married beneficiaries in both the total and non-dual-eligible samples, income imputation resulted in higher enrollment estimates. Also in both samples, incorporating asset data (Approach 3) had a greater impact on raising the enrollment rate among single beneficiaries relative to married beneficiaries. All estimates in Tables 1 and 2 were determined statistically stable based on relative standard errors. Next, we examined the distribution of drug coverage among the eligible cohort according to Approach 3 and compared to that based on Approach 1 (results not presented). A greater proportion of eligible beneficiaries under Approach 3 were automatically enrolled in the LIS due to dual Medicaid or MSP status (52% vs. 42%). A slightly higher portion voluntarily applied for and received the LIS (14% vs. 12%). A total of 34% did not enroll in the LIS compared to 45% under Approach 1. Under Approach 3, among nonrecipients, 16% enrolled in Part D without LIS, 9% had other drug coverage, and 9% remained without coverage. Under Approach 1, a larger portion enrolled in Part D without LIS (22%), a lower portion had other drug coverage (13%), and slightly more remained without coverage (10%).
Phase 3. LIS Take-up Analysis
Tables 3 and 4 present bivariate and multivariate results of Part D LIS participation among beneficiaries estimated to be eligible for LIS based on imputed income and asset values under Approach 3 (N51,293). These tables stratify the eligible cohort by three alternative enrollment choices, specifically, Part D LIS, Part D without LIS, and neither. Table 3 reports sample proportions of the study groups. LIS recipients or beneficiaries with no drug coverage tended to be former or current recipients of Social Security Disability Insurance (SSDI). LIS recipients also tended to have lower income levels. A greater number of LIS and non-LIS Part D enrollees Approximately the same proportion of eligible beneficiaries enrolled in Part D with the LIS as without the LIS (41%). The remaining 18% of eligible beneficiaries did not have drug coverage. In general, greater differences were apparent among those without drug coverage compared to LIS enrollees than to non-LIS Part D enrollees. LIS enrollment rates were highest among current and former SSDI recipients (p,.01). Beneficiaries age 75 or older were also likely to enroll in Part D, but the majority enrolled without the LIS (p,.01). Beneficiaries who were single or nonwhite tended to enroll in the LIS rather than go with no drug coverage (p,.01). High school graduates without any college were likely to enroll in Part D, but with the majority in a non-LIS plan (p,.05). Beneficiaries with lower incomes were more likely to enroll in the LIS and those with the highest income were more likely to enroll in Part D without the LIS (p,.01). LIS enrollment was highest in the Northeast while about one-fifth of beneficiaries from the Midwest and South went without drug coverage (p,.01). As expected, almost all beneficiaries who newly acquired dual eligibility in year 2 enrolled in the LIS (p,.01). Half of beneficiaries with no supplemental medical coverage enrolled in the LIS, with 30% of the balance having no drug coverage. The majority of those with some form of supplemental medical coverage tended to enroll in non-LIS Part D (p,.01), particularly Medicare Advantage plans (p,.01). Most beneficiaries with three or more chronic conditions enrolled in Part D with the majority in LIS (p,.01). Beneficiaries with cognitive impairment were more likely to go without drug coverage, while those reporting cost-related nonadherence to prescription drugs were most likely to enroll in the LIS (p,.01).
Multivariate results from the multinomial logistic regression model reflect changes in the predicted probabilities of enrollment in non-LIS Part D or having no drug coverage over having the LIS. In general, demographic characteristics did not stand out as strong predictors of enrollment. Having no more than a high school education was positively associated with non-LIS Part D enrollment, but was not a factor in nonenrollment (p,.05). Having income between 75% and 125% of the FPL was associated with an increase of five to six percentage points in the probability of having no drug coverage (p,.01), but income had no effect on non-LIS Part D enrollment. Northeast residence decreased the probability of non-LIS Part D enrollment by 17 percentage points (p,.05). Newly acquiring dual eligibility status decreased the probability of non-LIS Part D enrollment by 49 percentage points (p,.01) and having no coverage by eight percentage points (p,.01).
Prior year supplemental medical coverage had a substantial impact on LIS choices. Enrollment in a Medicare Advantage plan increased the probability of having non-LIS Part D (42 percentage points) and had a smaller but opposite effect on no drug coverage (28 percentage points) over having the LIS (p,.01). Employer-sponsored insurance coverage increased the probability of having a non-LIS Part D plan (p,.05) but had no impact on nonenrollment. Other private coverage increased the probability of having non-LIS Part D coverage by 26 percentage points (p,.01) and decreased the probability of having no drug coverage by four percentage points (p,.01) over having the LIS. Similar effects were observed for the remaining sources of coverage. Prior drug coverage had no effect on having a non-LIS Part D plan but decreased the probability of no drug coverage by 30 percentage points (p,.01). Beneficiaries with multiple chronic conditions were more likely to enroll in the LIS, particularly over a non-LIS plan (p,.05). Reporting cost-related nonadherence to medications decreased the probability of no drug coverage (p,.01). A dollar increase in the lowest Part D premium available decreased the probability of non-LIS Part D enrollment by 1.2 percentage points (p,.05). Presence of a FQHC in the beneficiary's county of residence modestly increased the probability of having no coverage (p,.05).
Discussion
In this study, we focused on the MCBS as a source of data to fill gaps in the literature regarding participation in the LIS. The MCBS has unique strengths relative to other surveys, including responses for a comprehensive set of individual characteristics, the panel design, annual measurement, self-reported prescription drug use, and administrative indicators for participation in CMS programs including the LIS. We addressed key limitations of MCBS data by imputing income using the CPS-ASEC and incorporating a supplemental financial data file not previously used by researchers. Our LIS eligibility estimates compare favorably to that of the most rigorous published study to date by Meijer and colleagues, giving us confidence in our enhanced eligibility determination measures (Meijer, Karol, and Michaud 2009, 2010) . Our approach to estimating eligibility improves upon current literature on LIS take-up that uses administrative enrollment data.
Based on our enhanced measures to determine eligibility, we found an LIS takeup rate of 30% among those who were not auto-enrolled. Our findings suggest that most published estimates overrepresent the eligible population, and consequently, the portion of eligible beneficiaries not receiving the subsidy (Kaiser Family Foundation 2006 , 2007 Levy and Wier 2007; Summer, Hoadley, and Hargrave 2010) . Nevertheless, we also found that one-third of all beneficiaries who were potentially eligible were not enrolled.
Another key finding of our study is that the majority of LIS-eligible nonenrollees obtained unsubsidized drug coverage. 13 Our results suggest that almost half of eligible beneficiaries not receiving the LIS were enrolled in an unsubsidized Part D plan. This finding calls into question whether the LIS program reaches its objectives to reduce financial barriers to improve access to prescription drugs. LIS-eligible Part D enrollees who did not receive the LIS pay substantially more out of pocket for premiums and cost sharing than necessary. Preliminary research suggests that this additional burden significantly reduces drug utilization compared to that of LIS recipients. Future work is needed to further explore this issue. Outreach efforts should target these individuals who reveal themselves to demand drug insurance, but who are inadvertently paying the full Part D premium.
To date, a few studies have shed light on personal characteristics associated with LIS enrollment. Our results are consistent with these studies in suggesting that more vulnerable beneficiaries tended to enroll in the LIS Hsu et al. 2008; Levy and Wier 2010) . The presence of multiple chronic conditions appeared to dramatically motivate LIS enrollment, particularly in relation to enrolling in an unsubsidized plan. This is consistent with the theory that beneficiaries with a greater demand for drugs used to treat chronic illnesses would be more likely to enroll. Similar effects were observed for those reporting cost-related nonadherence. Supplemental medical coverage also had a very substantial role in the LIS enrollment. In particular, Medicare Advantage coverage was strongly associated with enrollment in a non-LIS Part D plan. Insurers, particularly Medicare Advantage plans, should encourage LIS enrollment or even take an active role in screening beneficiaries. The positive association between a federally qualified health center in the county of residence and having no drug coverage suggests that such centers are not successfully screening needy patients. Consistent with economic theory, increases in Part D premium levels was negatively associated with non-LIS Part D enrollment.
Conclusion
Incorporating supplementary measures in the MCBS enhanced the ability to draw appropriate conclusions about eligibility and take-up of the LIS. Our results suggest that published literature may misrepresent the population unreached by the LIS. Policymakers and Medicare advocates should be advised of the large portions of potential LIS-eligible beneficiaries who are enrolled in other unsubsidized drug plans.
This may reflect unmet need among vulnerable beneficiaries and room for improvement in the program's objectives. Continued research is necessary to further develop tools to accurately assess eligibility and take-up, and to explore the impact of this program on drug utilization and, eventually, health outcomes.
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1 Beneficiaries may qualify for either the full or partial LIS. In 2011, LIS eligibility for the full subsidy required beneficiaries to have incomes below 135% of the federal poverty level (FPL) and assets below $8,180 for an individual (or $13,020 for a couple). Partial subsidies are also available for beneficiaries with income below 150% of FPL and assets less than $12,640 for an individual (or $25,260 for a couple) (Centers for Medicare and Medicaid Services 2011). 2 These CMS estimates are the most commonly reported. However, the methods for generating these estimates have not been published and the estimates have changed little since 2006 (Bovbjerg 2008; Summer, Hoadley, and Hargrave 2010 We deducted $1,000 from assets for car owners and $1,500 in the assumption that all beneficiaries intended to save for burial arrangements. 10 We did not impute assets for two reasons.
First, our goal was to improve upon the LIS eligibility criteria measure that is conventionally used in the MCBS (i.e., income). Only income data are available in the traditionally published MCBS files. We introduced asset data that are otherwise not available. Second, the required measures to impute assets using the sample regression procedure are not available in the CPS. 11 Our strategy to assess error in each approach relied on the rate of enrollment in the LIS among those not identified as eligible. This was done by identifying the proportion of beneficiaries estimated to be ineligible who were in fact enrolled in the LIS according to administrative records. The rates of ''false negative'' eligibility were determined using all three approaches. Eligibility and error rates were assessed for the total and non-dual eligible samples, and stratified by marital status. 12 Differences between the CPS-ASEC and MCBS are reflected in the differences in demographic characteristics. A sensitivity analysis was conducted to assess the effect of excluding variables that are poorly matched in the MCBS and CPS-ASEC in the income prediction model. This analysis gave similar results to those presented. 
Appendix 1. Income Imputation Procedure
Given the presence of substantial underreporting of income among married beneficiaries in the MCBS, the first phase in this analysis was to improve the reliability of the income measure. To do this, we imputed income in the MCBS using multivariate models estimated in the CPS-ASEC. The income models were estimated using generalized linear regression models with a gamma distribution and a log link. Separate models were estimated for married male and female beneficiaries to allow for structural differences in the models. The dependent variable in these models was family income. Less than 1% of the samples included beneficiaries reporting zero incomes, whose values were replaced with $1. Explanatory variables were restricted to those available in both the CPS-ASEC and MCBS. This included age, race, family size, education level, geographic region and urbanicity, selfreported health status, home ownership, enrollment in Medicaid, employer-sponsored insurance, or other supplemental medical insurance, and whether beneficiaries were living with their spouse. In addition, indicators were included for various sources of income including disability, retirement, welfare, dividends, interest income, income from a rental property, earned income, and all other sources.
The coefficients estimated from the income models in the CPS-ASEC were used to generate imputed income values for married individuals in the MCBS. The imputed (i.e., predicted) income was calculated by multiplying the regression model coefficients from the CPS-ASEC-based analysis with the matched explanatory variables in the MCBS using the gamma regression conditional mean function (with log link) as the mathematical expression for calculating income levels. Initial comparisons benchmarking imputed incomes in the MCBS to the CPS-ASEC sample showed that the imputed values were generally greater than CPS-ASEC point estimates at the low end of the distribution. It is common for regression models to predict with poor accuracy at the extremes of the dependent variable. In order to adjust for over-prediction at the low end of the income distribution, we applied adjustment factors. To do this, we returned to the study samples in the CPS-ASEC and stratified the lower quartile of both (i.e., male and female) income distributions into 10 deciles. For each decile, adjustment factors were calculated as the ratio of observed to predicted mean income. These adjustment factors were then multiplied by the predicted values by decile in the MCBS. The factors ranged from .08 to .76, increasing progressively with the income of each decile. Imputed income for married beneficiaries in the 2006-2007 panel was inflated to correspond with the 2007 FPL. 
